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Abstract
District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and 
Cooling.
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Abstract 
The optimisation of residential users’ power usage is measured by Peak-to-Average (PAR) ratio. Higher PAR leads to increase in 
the cost for both power suppliers and residential users. Suppliers use expensive resources during these peaks, in turn, the 
residential users will pay more during these times even for the same amount per kW/h. The aim of this study is to investigate the 
use of an energy management algorithm within an Energy Management System (EMS) to optimise power consumption and to 
reduce the overall PAR for a community of users. Beyond the group optimisation, the algorithm takes into account the 
heterogeneous nature of the community by introducing individual household values of willingness to save power and have the 
energy managed. In conjunction with the concept of community energy management and willingness, the paper also highlights 
the importance of incentives for power load optimisation to each user. The proposed algorithm is tested on 15 R-users load 
profiles, selected based on criteria such as house size, temperature level, by measuring the load of each individual user profile 
during a 24-hour cycle with a 10-minute resolution. The results show that the algorithm provides a 22.66% reduction of the PAR 
was 22.66% in a multi-user scenario. Other aspects that could influence the PAR reduction are measured, such as the impact of 
PAR optimisation by individual R-users without considering the community and the impact of different R-users willingness to 
use the proposed EMS. This indicates that the effective proposed EMS optimisation is significantly accepted at the point of 
applying it in single and multi-users scenarios in spite of the variance accepted level of these R-users being considered. 
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1. Introduction  
Electricity power generators are facing several environmental and utility management challenges. One of the 
recently proposed alternatives to overcome these challenges is to create an intelligent power grid, able to 
communicate across its infrastructure, from producer to consumer, also known as a Smart Grid (SG). Energy 
consumption of a residential and commercial sector has significantly increased in developed countries [1]. It is 
difficult for the residential users (R-users) to manually optimise their consumption hour by hour [2] [3] [4]. This 
difficulty for users to optimise their power usage is caused by a lack of required knowledge and time to meet a 
multiplicity of decision parameters, constraints involved, and possible variations of these parameters over time [2]. 
To support the end-user energy consumption, the concept of Energy Management System (EMS) was proposed as a 
solution to implement optimization algorithms that can the power usage of residential users’ (R-users) [4,5]. A 
number of alternative mechanisms, such as Demand-Side Management (DSM), Demand Response (DR), and Home 
Energy Management (HEMSs), have been developed [6]. However, regarding practical scenarios, little attention has 
been paid to taking into account of general uncertainties in the conditions of users, such as uncertain user load [7], 
user preference [8] [9] [3], and the willingness of users to respond. 
The purpose of this study is to describe and examine an EMS algorithm with consideration of the community-
based DSM. This paper aims to conduct the premise that the end-user has different preferences which could vary 
based on various factors, such as time of day, real-time price, users’ motivation level for environmentally friendly 
conditions, customers’ revenue, lifestyle to name just a few. In order to demonstrate a practical study, real data of 
power usage for R-users is considered. Moreover, an appliance-by-appliance level of control, based on users’ 
willingness, has been applied. The comparison results of single R-users and community-based solutions are 
presented in both scenarios with and without considering R-users’ willingness. 
2. Literature review 
 In order to produce a practical solution for optimising power usage, user satisfaction needs to be considered in 
the wider context of user willingness. In terms of user willingness, every R-user has various preferences, appliances, 
comfort, willingness to save energy such as cost or/and environmentally friendly conditions, and so on. Liu et al., 
(2014)highlighted the fact that different users having different preferences is still an open issue [9]. Khadgi et al., 
(2015) argued that many end-users prefer to use electricity even during the expensive time [10]. Therefore, they 
suggested an Agent-Based System (ABS) for managing each individual user’s needs depending on whether they 
have a high-, medium-, or low-income. This ABS is responsible for maximising the utility function, which is 
computed by a trade-off between cost and convenience. The convenience factor was assumed as fixed hours of 
power usage during evening and morning times. Similarly,  Zhu et al., (2011) applied the concept of fixed hours as 
users’ preferences, then formulated a new user’s preferences model but with more details of individual appliances 
[11]. A manual response of users to satisfy their willingness and optimise the power usage could lead to shifting the 
load from a typical peak time slot to a non-peak time slot without optimising the power load [12] [2] [4]. The 
significant impact of users’ willingness for designing a more efficient power usage management system has been 
studied by Soares et al., (2014) [2]. The latter analysed the balance between EMSs’ optimisation levels and the users’ 
willingness to accept an automated system to control the power consumption of individual appliances. Recently, 
Shin et al., (2017)  proposed an appliance scheduling methodology for EMS by considering the discomfort index [4]. 
Despite the research towards considering users’ willingness, there remains a need for an efficient method that 
conducts variable convenience, practical numerical optimisation methods, and a community aspect solution. While 
the users’ preferences were considered in previous work, the drawback of fixed convenience is inefficient for a 
practical solution. Set specific preference times for all users by Khadgi et al., (2015) [10] or specific power 
preferences by Zhu et al., (2011) [11] are far from practical users’ preferences. Regarding the community-based 
solution for power optimisation, few researchers have addressed the problem of the community for optimisation 
power usage. Zhu et al., (2011) observed the possibility of applying the energy management for neighbourhood/local 
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areas for achieving a centralised load management [11]. In addition, Mohsenian-Rad et al., (2010) attempted to 
develop the community-based solution by adding a message exchange between users [12]. However, the research 
showed there is an absence of a community-based solution incorporating users’ willingness.  
This paper has been divided into three parts. The first part deals with the proposed system’s architecture and 
requirements. The second part shows the methodology that has been followed to experiment and results of 
experimenting on the proposed system. Finally, the findings and implications of the results are presented in the 
conclusion. 
3. Proposed system  
As acknowledged by previous research, the issue of PAR and community energy saving are critical in the context 
of reducing energy costs and associated impact on the suppliers. This paper considers a smart community system 
composed of multiple residential users (R-users) and a community-based server. This system applied a harmonious 
energy management between the individual R-users EMS and community-based EMS, which will lead to increase 
the satisfaction of both sides in terms of cost and convenience. The system is equipped with two-way communication 
that enables the system’s components to exchange information with each other. S.G is used to connect R-users with 
the community server. Assuming every user supported by a HEMS [4], this HEMS could be utilised to provide the 
community server with users’ willingness values at each given time. These values reflect the incentive level of the 
power load optimisation to each user to allow an automatic system to control the users’ power usage.  
With respect to general user load types, each user has shiftable and non-shiftable loads depending on their 
appliance types. The willingness value that is provided by individual HEMS will influence only the shiftable load. 
For example, if there are three users, user-1, user-2, and user-3 with willingness values 0, 1, and 0.7 respectively; it 
means that user-1 has no willingness which in turn, there is no allowance for the community sever to influence any 
load for this user. User-2 allows the community server to fully control all of the shiftable load when there is a high 
power usage at each time of a day. User-3 with willingness 0.7 means that the user allows only 0.7 of his/her 
shiftable load to be controlled by the community sever. The proposed community_based EMS applied varied 
controlling decisions based on the user's willingness. It is noteworthy to mention that, in addition to each user having 
a different willingness value, the individual user's response, from a practical perspective, is different depending on 
their comfort level linked to each individual appliance. For instance, although two users have the same willingness 
values for example 0.5 that means the community sever has affected only the half of the shiftable load of each 
appliance each user might choose different shiftable appliances. For example, one of them prefers shifting the power 
usage of dryer machine and washing machine, while, another prefers shifting the power usage of dishwasher and 
A/C. The proposed algorithm that runs in the community server considered the effect of the willingness values on an 
appliance-by-appliance level of individual users. Furthermore, the shiftable appliances preference of individual users 
might vary from one time to another; for example, the users’ preferences vary between working days and weekends 
or between summer and winter. Therefore, a satisfied information exchange between the HEMS and community 
server is crucial. In order to obtain the optimal scheduling, whilst considering the user satisfaction, the following 
Pseudocode was proposed: 
Pseudo code: the optimal scheduling with considering the user satisfaction 
Let  𝑁𝑁 users, 𝑀𝑀  𝑛𝑛 number of appliances for n user, 𝑠𝑠� shiftable appliances for n user, 𝑖𝑖� essential appliances for n 
user, 𝑥𝑥�,� scheduling vector for shiftable appliances, 𝑥𝑥�,� consumption scheduling vector for non-shiftable appliances, 𝑡𝑡  given time, 𝑡𝑡  � ��� ��, 𝐷𝐷𝑛𝑛𝐷𝐷 𝑡𝑡 � � , � � ��� ��,  𝑐𝑐𝑡𝑡  current time slot, 𝐷𝐷𝐷𝐷𝑡𝑡𝐷𝐷𝑠𝑠𝐷𝐷𝑡𝑡𝐷𝐷𝐷𝑖𝑖𝑠𝑠𝑡𝑡  historical data set, 
𝐷𝐷𝐷𝐷𝑡𝑡𝐷𝐷𝑠𝑠𝐷𝐷𝑡𝑡𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑡𝑡𝐷𝐷𝐷𝐷  optimized power usage dataset, 𝑊𝑊  𝑛𝑛  Willingness value of user 𝑛𝑛 , 𝑁𝑁𝐷𝐷𝐷𝑁𝑁𝐷𝐷𝑁𝑁𝐷𝑁𝑁𝐷𝐷𝑁𝑁  number of 
shifting requests, 𝑁𝑁𝐷𝐷𝐷𝐷𝐷𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝐷𝐷𝐷𝐷𝐷𝑁𝑁𝐷𝐷𝑁𝑁  number of allowed shifting requests based on the willingness value, 
𝐴𝐴𝐷𝐷𝐷𝐷𝑁𝑁𝐴𝐴𝐷𝑁𝑁𝐷𝐷𝑁𝑁𝐷𝐴𝐴𝑖𝑖𝑠𝑠𝑡𝑡 list of selected shiftable appliances which the user chosen to be shifted. 
Initialise parameters (𝑊𝑊  𝑛𝑛, , 𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐴𝐴𝑁𝑁𝐷𝐷𝐷𝐷 � � ∑ 𝑁𝑁�������� , while 𝑁𝑁
𝑡𝑡
𝑛𝑛 ≜ ∑  𝑥𝑥�,�� � 𝑥𝑥�,���,��� , 𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝐷𝑖𝑖𝑠𝑠𝑡𝑡 �
�𝐷𝐷𝐷𝐷𝑛𝑛�∑ �𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐴𝐴𝑁𝑁𝐷𝐷𝐷𝐷  𝑡𝑡��� �,WHILE 𝑁𝑁 𝑡𝑡𝑛𝑛 used in 𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝐷𝑖𝑖𝑠𝑠𝑡𝑡 based on Dataset_Hist. 
REPEAT
      IF (𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐴𝐴𝑁𝑁𝐷𝐷𝐷𝐷�� �  𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝐷𝑖𝑖𝑠𝑠𝑡𝑡)
  THEN
   // the 𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐴𝐴𝑁𝑁𝐷𝐷𝐷𝐷� calculated by Dataset_Updated 
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𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 = 𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝐴𝐴𝐴𝐴𝑂𝑂𝐴𝐴�� 
FOR �� � ��� � � �� � � ��
IF(𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝐴𝐴𝐴𝐴𝑂𝑂𝐴𝐴� � 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂)
THEN
𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 �  𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝐴𝐴𝐴𝐴𝑂𝑂𝐴𝐴�𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂�𝑂𝑂𝐴𝐴� � �
ENDIF
  ENDFOR 
FOR�𝑛𝑛 � �� 𝑛𝑛 � 𝑁𝑁� 𝑛𝑛 � ��
IF(𝑊𝑊  𝑛𝑛 � �)
THEN
𝑁𝑁𝑂𝑂𝑂𝑁𝑁𝑁𝑁𝑁𝑁𝑂𝑁𝑁𝑂𝑂𝑁𝑁 � 𝑂𝑂𝑂𝑂𝑛𝑛𝐴𝐴��������� � // for each ������� � � �𝑁𝑁𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝐴𝐴�𝑂𝑂𝐴𝐴𝑂𝑁𝑁𝑂𝑂𝑁𝑁 �  𝑊𝑊  𝑛𝑛 ∗ 𝑁𝑁𝑂𝑂𝑂𝑁𝑁𝑁𝑁𝑁𝑁𝑂𝑁𝑁𝑂𝑂𝑁𝑁𝐴𝐴𝑂𝑂𝑂𝑂𝑂𝑂�𝑂𝑁𝑁𝑁𝑁𝑁𝑁𝑂𝐴𝐴��� � 𝑁𝑁𝑂𝑂𝑛𝑛𝐴𝐴𝐴𝐴�� 𝑁𝑁𝑂𝑂𝑂𝑂𝑂𝑂��������� � 𝑁𝑁𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝐴𝐴�𝑂𝑂𝐴𝐴𝑂𝑁𝑁𝑂𝑂𝑁𝑁�
FOR (𝑂𝑂 � �� 𝑂𝑂 �  𝑁𝑁𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝐴𝐴�𝑂𝑂𝐴𝐴𝑂𝑁𝑁𝑂𝑂𝑁𝑁� 𝑂𝑂 � �)��𝑂𝑂𝐴𝐴���𝑂𝑂𝐴𝐴𝑂𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝐴𝐴𝐴𝐴𝑂𝑂𝐴𝐴 �  𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝐴𝐴𝐴𝐴𝑂𝑂𝐴𝐴�������𝑂���� � 𝐴𝐴𝑂𝑂𝑂𝑂𝑂𝑂�𝑂𝑁𝑁𝑁𝑁𝑁𝑁𝑂𝐴𝐴����𝑂𝑂�
IF (��𝑂𝑂𝐴𝐴���𝑂𝑂𝐴𝐴𝑂𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝐴𝐴𝐴𝐴𝑂𝑂𝐴𝐴 � 𝐴𝐴�𝐴𝐴𝑂𝑁𝑁��� )
THEN
Dataset_Updated[𝐴𝐴𝑂𝑂𝑂𝑂𝑂𝑂�𝑂𝑁𝑁𝑁𝑁𝑁𝑁𝑂𝐴𝐴����𝑂𝑂�� �𝐴𝐴��   𝐴𝐴𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂�𝑂𝑂𝐴𝐴�]
=
Dataset_Updated[𝐴𝐴𝑂𝑂𝑂𝑂𝑂𝑂�𝑂𝑁𝑁𝑁𝑁𝑁𝑁𝑂𝐴𝐴����𝑂𝑂�� �𝐴𝐴��   𝐴𝐴𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂�𝑂𝑂𝐴𝐴�]
+ Dataset_Updated [𝐴𝐴𝑂𝑂𝑂𝑂𝑂𝑂�𝑂𝑁𝑁𝑁𝑁𝑁𝑁𝑂𝐴𝐴����𝑂𝑂�� �𝐴𝐴��   ��]
Dataset_Updated [𝐴𝐴𝑂𝑂𝑂𝑂𝑂𝑂�𝑂𝑁𝑁𝑁𝑁𝑁𝑁𝑂𝐴𝐴����𝑂𝑂�� �𝐴𝐴��   ��] = 0 
ELSE
𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 = 𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝐴𝐴𝐴𝐴𝑂𝑂𝐴𝐴�� 
// find another possible off peak 
FOR �� � ��� � � �� � � ��
IF(𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝐴𝐴𝐴𝐴𝑂𝑂𝐴𝐴� � 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂)
THEN
𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 �  𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝐴𝐴𝐴𝐴𝑂𝑂𝐴𝐴�𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂�𝑂𝑂𝐴𝐴� � �
ENDIF
  ENDFOR 
IF (��𝑂𝑂𝐴𝐴���𝑂𝑂𝐴𝐴𝑂𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝐴𝐴𝐴𝐴𝑂𝑂𝐴𝐴 � 𝐴𝐴�𝐴𝐴𝑂𝑁𝑁��� )
THEN
Dataset_Updated[
𝐴𝐴𝑂𝑂𝑂𝑂𝑂𝑂�𝑂𝑁𝑁𝑁𝑁𝑁𝑁𝑂𝐴𝐴����𝑂𝑂�� �𝐴𝐴��   𝐴𝐴𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂�𝑂𝑂𝐴𝐴�] = 
Dataset_Updated[
𝐴𝐴𝑂𝑂𝑂𝑂𝑂𝑂�𝑂𝑁𝑁𝑁𝑁𝑁𝑁𝑂𝐴𝐴����𝑂𝑂�� �𝐴𝐴��   𝐴𝐴𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂�𝑂𝑂𝐴𝐴�]+
Dataset_Updated [𝐴𝐴𝑂𝑂𝑂𝑂𝑂𝑂�𝑂𝑁𝑁𝑁𝑁𝑁𝑁𝑂𝐴𝐴����𝑂𝑂�� �𝐴𝐴��   ��]






                      ENDIF 
 ENDFOR 
ENDIF
UNTIL (𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝐴𝐴𝐴𝐴𝑂𝑂𝐴𝐴�) = ∅// there is no load by users 
4. Results  
It is known from the literature that the PAR reduction leads to efficient electric usage of power systems [2]. In 
general, EMS could be run to optimise the power usage of individual R-users or multi- R-users [5]. In this section, 
the proposed EMS algorithm was evaluated for PAR reduction in several aspects; single user scenario, multi-user 
scenario, single user scenario with considering user’s willingness, and multi-users with considering users’ 
willingness. These several aspects of evaluating the proposed EMS are applied to demonstrate the effectiveness of 
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the EMS in variant scenarios, in order to conclude the preferred life circumstances for a better PAR reduction. In this 
work, the users’ power usage profiles were loaded from the dataset which provided by Cambridge Architectural 
Research (CAR) and the Department of Energy & Climate Change (DECC) in U.K[13]. A total of 15 samples of 
users profiles were grouped for performance analysis of the proposed EMS algorithm which was mentioned earlier. 
The selection of user profiles was consistent in terms of time of the year, to ensure the results are meaningful. A load 
of each individual user’s profile is measured during a 24-hour cycle with 10 minutes resolution. There are 11 types 
of appliances which were measured at each time slot of 10 minutes. Regarding the user willingness, these 
willingness values have been randomly applied to these users. The output results show the optimisation average of 
the load consumption by PAR reduction was 12.31%, 22.66%, 10.34%, and 16.25% of the single user scenario, 
multi-user scenario, single user scenario with considering user’s willingness, and multi-users with considering users’ 
willingness, respectively as explained in Table 1. The output results of 15 R-users in single and multi_users indicate 
that the new power load consumption has been optimised compared to the original power usage. The EMS in a 
community-based optimisation has better performance than in the single users’ scenario. 












in single users scenario 
Optimised percentages 
in multi-users scenario
∅ 2.03 1.77 1.57 12.31% 22.66% 
0.45 2.03 1.82 1.7 10.34% 16.25% 
 
With respect to the practical implementation point of view for the proposed EMS, Table 1 illustrates the 
evaluating R-users’ willingness to utilise the proposed work. In order to analyse the community aspect compared to 
single R-users optimisation, the same previous R-users load profiles in the scenario without willingness values have 
optimised their power usage as single-users and community. This implementation method took into account the 
impact of the individual users’ willingness value to the power usage profiles whenever there is a shifting control 
decision. This decision based on the 10-minutes monitoring of all R-users power usage in the community whether 
there is or is not a need for shifting. A comparison of results the power usage of R-users who have individually 
optimised their power usage without considering the power usage of other R-users in the same community is 
illustrated in Table 1. It is clear that all groups perform better in the community-based solution. This better 
optimisation is achieved using the energy management algorithm for shifting the load of shiftable appliances. By 
combining the shiftable power load of all shiftable appliances, then considering peak times of all R-users before 
taking a shifting decision for each individual appliance of any R-user lead to better PAR results. Empirically, it 
seems that the community-based solution is the most effective energy management optimisation in all scenarios with 
and without considering the willingness value of R-users to participate in EMS algorithm. Applying the EMS 
algorithm in single and multi-users without willingness demonstrates that mostly load profiles of the R-users are 
optimised. 
5. Conclusion  
Community-based optimization incorporated into EMS leads to increased optimisation percentages. EMS is a 
hands-off system supported with optimization algorithms to automatically manage residential users’ (R-users) power 
usage. The end-user has different preferences which could vary based on various factors. However, in previous 
studies, little attention has been paid to taking into account general uncertainties in the conditions of users. In this 
study, both EMSs in single users and community-based scenarios have been applied to optimise the power usage of 
R-users. A system architecture has been proposed to define the composed units which enable the effective 
performance of EMS. 
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We found that EMS plays a significant role in power usage optimisation in all tested scenarios of 15 R-users. 
Regarding the willingness impact to the optimisation results, we found that community-based optimisation performs 
better and reaches 16.25% which is higher than single users optimisation which only reached 10.34%. These 
findings indicate that the effectiveness of the proposed EMS optimisation is significant at the point of applying it in 
single and multi-users scenarios in spite of the variance accepted level of these R-users were considered. Admittedly, 
modelling the multiplicity conditions of R-users such as time of day, real-time price, and customers’ revenue, to find 
out the willingness value is still an open issue. Future work should, therefore, include follow-up work designed to 
evaluate whether the willingness values are reflected the vary of multi preferences of R-users in the long term and 
also whether they continue to be low impact to improve PAR. 
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